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Abstract 
The performance of Regional Climate Model 4 (RegCM4) in simulating rainfall is evaluated through a comparison of several 
observations using Asian Precipitation-Highly Resolved Observational Data Integration towards Evaluation (APHRODITE) and 
Climate Research Unit (CRU) in 19-year simulation period of 1982-2000 in Kalimantan. The analysis includes the perormance of 
RegCM4 in capturing the rainfall type, the rainfall characteristics when ENSO, the error and the diversity of data, and dominant 
cycles in Kalimantan. The analysis is continued with a calculation of Maximum Dry Spell Length (MDSL) and Probability 
Distribution Function (PDF). We found that RegCM4 produces overestimated value, but it is capable in capturing rainfall type, 
rainfall characteristics during ENSO, and dominant cycles in Kalimantan.  
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
El Nino Southern Oscillation (ENSO) is one of climate variabilities that occurs in tropical Pacific ocean. ENSO 
consists of two events, namely El Nino and La Nina. The El Nino phenomenon is preceded by the abrupt changes in 
sea surface temperatures in the western Pacific. As a result, warm pool region is located in the western Pacific move 
to the east, near Peru / Ecuador. An increase convection in Peru / Ecuador lead to the increase number of cumulus 
clouds that result in heavy rain. By contrast, in Indonesia drought occurs. The opposite of El Nino events is La nina. 
Impact La Nina is heavy rain in Indonesia. 
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The study of the ENSO draws some researchers to test whether these phenomena affect the rainfall or not. 
Various studies have shown that ENSO affects precipitation characteristics [1, 2, 3, 4]. In addition to these studies, 
Tyasyono and Bannu [5] proved that when the El Nino phenomenon in 1997 happened, rainfall in ten days < 50 mm 
increased, it caused the most severe drought in Indonesia. As a result of the drought, Indonesia experienced the worst 
forest fires around the world. 
Kalimantan is one of the most forested islands in Indonesia. El Nino 1997/98 has burned 9.75 million hectares of 
forest in Indonesia with 6.5 million hectares of forests in Kalimantan [6]. Glover [7] assessed this calamitiy, 
including one of the century's worst environmental disasters, due to the amount of emissions released. 
El Nino in 1997/98 has placed Kalimantan as one of the vulnerable islands to ENSO phenomena. One of 
anticipative ways is by forecasting the impact of ENSO in Kalimantan for the future. Global Climate Model (GCM) 
and Regional Climate Model (RegCM) can be used to perform the projection, but it should be tested first to evaluate 
the performance of the model [8]. Both spatial models have big difference in the spatial resolution. Global Climate 
Model (GCM) resolution which is hundreds of kilometres is unable to represent the topographic characteristics of 
regional and meso-scale weather. Whereas RegCM has dynamical downscaling techniques that can improve 
horizontal spatial resolution in accordance with the GCM by observing physical processes and atmospheric 
dynamics [9]. 
The model Simulation of rainfall which is commonly used in Indonesia is the model of Weather Research and 
Forecasting (WRF) [10, 11, 12]. Although RegCM4 has not been widely adopted in Indonesia, particularly in 
Kalimantan. Simulation of rainfall with RegCM4 is widely used in the United States [8, 13]. Most of the parameters 
used in this research refer Diro et al. [13] who tested the sensitivity of the RegCM4 in America. That parameter is 
also used by Franco et al Fuentos. [8]. His research produced an over-estimated of RegCM4 rainfall in the highlands. 
RegCM4 simulated rainfall is affected by RegCM4 convection scheme. Convection scheme used by Diro et al. [13] 
and Franco Fuentos et al. [8] is mixed convection scheme in which the parameter of Emanuel [14] is used over 
oceans and the scheme of Grell [15] over land. Due to different conditions of topography America and Indonesia, the 
convection scheme cannot be used in Indonesia. Convection scheme used in this study is the MIT-Emmanuel [14] 
scheme. That is because the MIT-Emmanuel scheme is considered more appropriate to the characteristics of 
Indonesia topography [16, 17]. In addition, the analysis will be continued to calculate Maximum Length of Dry Spell 
(MDSL) in Kalimantan, which aims to know the average number of longest dry days in Kalimantan during ENSO 
events. 
This study aims to assess the ability of RegCM4 to simulate rainfall in Kalimantan during ENSO by comparing 
the output RegCM4 with satellite observation data and determine the impact of ENSO on the MDSL in Kalimantan. 
2. Methodology 
2.1. RegCM4 Simulation 
There are three main steps in the simulation of RegCM4, which are Pre-Simulation, Simulation, and Post 
Processing. The most important step in RegCM4 pre-simulation is the model of configuration settings including the 
determination of latitude and longitude, grid number, and determines the physical parameterization schemes of 
RegCM4. Physical parameters used in this study refers to Diro et al. [13], except for the convection scheme, among 
which the radiative transfer scheme [18], PBL (Planetary Boundary Layer) scheme [19], resolved scale precipitation 
scheme [20], and Community Land Model (CLM)[21]. Convection scheme used in this study is MIT - Emmanuel 
[14] which refers to Jadmiko [16] and Mufida [17] which states that MIT-Emmanuel is a convection scheme that 
approaching the condition in Indonesia. We also carried the creation of domain, Sea Surface Temperature, and 
Initial Conditions Boundary Condition  (ICBC). 
2.2. Cluster Analysis 
Based on rainfall pattern, Kalimantan was divided into 5 regions by using cluster analysis. We obtained 5 
clusters which share different rainfall patterns (Fig. 1). 
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Fig. 1. Distribution of rainfall types in Kalimantan based on cluster analysis 
2.3. Evaluation of RegCM4 
Regional Climate Model 4 was evaluated by three statistical equations that calculate the Correlation Coefficient, 
Root Mean Square Error (RMSE), and Standard Deviation. 
Correlation analysis aims to measure the strength of the linear relationship between two variables. Correlation 
does not indicate functional relationships, or in other words, correlation analysis does not distinguish between the 
dependent variable and independent variables. Correlation expresses the degree of relationship between two 
variables regardless of which variable into a variable. Positive values indicate the direction of the relationship, 
whereas a negative value indicates the relationship is not unidirectional, and closer to the increasingly strong 
relationship between variables [22]. Calculation of the correlation coefficient can be done using Equation 1 
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RMSE (Equation 2) is the error of the prediction result (RegCM4) toward the real value (observation value). 
Smaller RMSE value indicates the better model [23].  
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The calculation can be done with a standard deviation equation 3.Where Ti is the APHRODITE data, തܶ is the 
average of the APHRODITE data, Ri is RegCM4 output, and തܴ is the average of RegCM4 output. 
In addition in using statistical equations that have been described, the evaluation of the model is also done by the 
spectral analysis of wavelets. Data processing with wavelet spectral analysis performed on the monthly rainfall to 
determine the dominant periodicity of rainfall in the study area [24]. 
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2.4. Maximum Dry Spell Length (MDSL) 
Determination of the dry spell in this research is that day with rainfall <0.5 mm. Whereas Maximum Dry Spell 
Length (MDSL) is calculated by finding the number of the longest day that has rainfall <0.5 mm in a year. 
3.  Results and Discussion 
3.1. Rainfall Type and Climatology of Kalimantan 
Physiographic conditions of Indonesia and its surrounding regions such as latitude, altitude, wind patterns, the 
distribution landscape and waters, as well as the high mountains affect the variety and types of rainfall in Indonesia. 
Based on the general pattern, there are three types of precipitation, namely equatorial type, monsoonal type and local 
type [26]. According to research done by Affandi et al. [24], of the three types of precipitation, Kalimantan has two 
different types of rainfall which are monsoonal and equatorial type (Figure 2).  
The pattern of rainfall in Kalimantan region can be seen in Figure 4 which shows the monsoonal rainfall patterns 
found in  fourth and fifth cluster. Monsoonal rainfall pattern is characterized by a peak rainfall (DJF) and the dry 
season (JJA) in one year [26]. Monsoonal rainfall patterns caused by monsoon winds are driven by the influence of 
high pressure and low pressure in the continents of Asia and Australia alternately. In December-January-February 
(DJF) in the Northern Hemisphere when winter occurs, a high pressure in the continent of Asia, while in the 
Southern Hemisphere at the same time summer occurs. It resulted a low pressure in the continent of Australia. 
Therefore, there is a difference in air pressure on both continents, then in period of DJF wind blows from the high 
pressure to the low pressure towards Asia. This wind is called the West Monsoon or Northwest Monsoon. West 
Monsoon passes through waters large enough to carry water vapour which causes rain. So that in DJF period high 
rainfall occurs in the monsoon-type rainfall. Instead, in June-July-August (JJA) is the period with the lowest rainfall, 
because East monsoon winds that move through the area during this period (most of the area is desert) in Australia. 
East monsoon occur due to low pressure and high pressure in Asia and Australia. Meanwhile in the period JJA wind 
blows from the high pressure on the Australian continent leading to the low pressure in Asia. Southern Kalimantan 
(cluster 4 and 5) has a monsoonal rainfall patterns because it has large bodies of water and skipped the monsoon 
every year 
Rainfall patterns in the other three clusters are equatorial rainfall patterns. Equatorial rainfall pattern is 
characterized by two peaks of rainfall occurring in April and October in a year [26]. This pattern is related to the 
movement of the convergence zone to the North and South following the apparent movement of the sun. 
Convergence zone is a meeting of two air masses originating from the two hemispheres of the earth, the air and then 
move up. The wind is moving towards a single point and then move upward which is called convergence. It position 
is relatively narrow and is at lower latitudes and is known as Intertropical Convergence Zone (ITCZ). The location 
of the ITCZ will affect rainfall in places that coincided with the presence of the ITCZ, and is likely to cause rainy 
days with continuous cloudy weather. ITCZ is located right on the equator twice a year, around the period of MAM 
and SON so when MAM and SON have increasing rainfall. 
Based on Figure 4, it showed that APHRODITE and CRU have the same pattern but APHRODITE value smaller 
than the CRU. So, APHRODITE can be substitute the CRU data. 
Kalimantan climatic conditions in Figure 5a-5d show the seasonal rainfall patterns vary. DJF period has a higher 
rainfall in the range of 100-340 mm/month compared to another period in almost all regions of Kalimantan. Whereas 
JJA is the period with the lowest rainfall with rainfall ranging between 60-200 mm/month. It is because half of 
Kalimantan region has a monsoonal rainfall patterns that peak periods of rain occurs in DJF and lowest rainfall 
occurs in JJA, especially in the southern Kalimantan (Cluster 4 and 5). The other two periods, namely MAM and 
SON is often referred to as a transitional season with a range of 100-260 mm rainfall / month. Kalimantan climatic 
conditions were simulated by RegCM4 in Figure 5e-5h, indicating seasonal rainfall pattern which is not much 
different with APHRODITE, a period with high rainfall is DJF, while the period with the lowest rainfall is JJA. 
However, the data RegCM4 looks over-estimated in the middle region of Kalimantan. 
 
74   Enggar Yustisi Arini et al. /  Procedia Environmental Sciences  24 ( 2015 )  70 – 86 
 
Fig. 2. Map rainfall patterns in Indonesia [30] 
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(e)  
 
Fig. 3. Mean monthly rainfall of CRU, APHRODITE, and RegCM4 (Cluster one (a), two (b), three (c), four (d), and five (e) in 1982-2000 
 
 
Fig. 4. Seasonal rainfall of  Kalimantan on a, e) DJF, b, f) MAM, c, g) JJA, and d, h) SON of the APHRODITE data (top) and RegCM4 (bottom) 
in the years 1982 to 2000 in mm 
3.2. Assessment of RegCM4 Simulated Rainfall during ENSO 
Regional Climate Model version 4 (RegCM4) is the latest version of the Regional Climate Model developed by 
the International Centre for Theoretical Physics (ICTP) Italy. RegCM4 has been applied by most researchers in the 
field of climate for regional climate studies in the form of paleo-climatology and climate projections [27]. This 
model has been tested or evaluated using wavelet spectral analysis, composite rainfall anomalies, of RMSE, 
correlation, and standard deviation.  
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The result of wavelet spectral analysis of monthly rainfall (Figure 5-9) showed that three dominant oscillations 
which affect the rainfall in Kalimantan influence the annual oscillation (Annual Oscillation) known as monsoonal 
period, decadal oscillation such as PDO, and ENSO. The influence of the third oscillation in each region is different. 
In Cluster 1, 4, and 5 are dominating influence that the influence of the annual oscillation or monsoon. The three 
areas influenced by strong monsoon due to extensive water area and the area of the track crossing oceans monsoons 
each year. In Cluster 2, under the influence of strong ENSO but still looks annual oscillation. Whereas in Cluster 3, 
the influence of monsoonal as strong as ENSO. Wavelet spectral analysis of the data indicates that the RegCM4 
output can capture periodicity in Kalimantan as well as CRU data, but in different strengths. 
 
Fig. 5. Wavelet Analysis of Cluster 1 monthly rainfall from January 1982- December 2000 Data a) CRU and b) RegCM4 
 
Fig. 6. Wavelet Analysis of Cluster 2 monthly rainfall from January 1982- December 2000 Data a) CRU and b) RegCM4 
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Fig. 7. Wavelet Analysis of Cluster 3 monthly rainfall from January 1982- December 2000 Data a) CRU and b) RegCM4 
 
Fig. 8. Wavelet Analysis of Cluster 4 monthly rainfall from January 1982- December 2000 Data a) CRU and b) RegCM4 
 
 
Fig. 9. Wavelet Analysis of Cluster 5 monthly rainfall from January 1982- December 2000 Data a) CRU and b) RegCM4 
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(a)  
(b)  
(c)  
(d)  
(e)  
 
Fig. 10. Moving average of rainfall anomalies and ONI in Cluster one (a), two (b), three (c), four (d), and five (e) in 1982-2000 
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Results show the composite rainfall anomalies in Figure 12 reinforced the notion that RegCM4 can well captured 
the characteristics of the current ENSO rainfall in Kalimantan. In Figure 12d, in Kalimantan region of El Nino 
condition has a negative anomaly, while the current La Nina Kalimantan has a positive anomaly (Figure 11f). These 
conditions correspond to observational data in Figure 11a and 11c. However, the estimated value RegCM4 was 
higher than observational data. Value of rainfall anomalies when El Nino RegCM4 allegations were ranged -150-20 
mm / month, and -50-100 mm/month, during La Nina. While the value of anomalous rainfall observation data 
ranging from -50-5 mm/month, and -10-50 mm/month when La Nina. In normal conditions, there are no significant 
differences seen between the model and the observational data.  
Value of rainfall anomalies in the observed data (Figure 11a and 11c) has a different tendency in each region. 
When the El Nino, the smaller of the rainfall anomalies in the north, as well as the current La Nina, the greater the 
rainfall anomalies in the northern part. This is because the region of North Kalimantan, ENSO is the most dominant 
oscillations (Figure 5). Unlike the West and Central Kalimantan is currently La Nina. Both regions experienced low 
rainfall when La Nina. That is, the influence of ENSO on rainfall in the region is small. Because the oscillations that 
dominate the two regions is the monsoon. 
 
 
 
Fig. 11. Composite anomaly APHRODITE (top) and RegCM4 (bottom) during the period of a), d) El Nino, b), e) Normal and c), f) La Nina years 
1982-2000 
 
RMSE calculation of two different temporal resolutions (Figure 12) shows that the smaller value of RMSE in 
daily resolution, which ranges between 0-50 mm / day. While at monthly resolution RMSE ranges from 0-600. This 
is reasonable because the daily rainfall data is worth less than the monthly data. But the value is too high because the 
average daily rainfall in Kalimantan per year is 5-10 mm/day and the average range of monthly rainfall per year is 
100-200 mm/month (Figure 2). No significant differences in RMSE values when El Nino, La Nina, and Normal. 
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RMSE value indicates an error of a model with observational data. The model will be considered good if the RMSE 
value closer to zero [23]. If the average rainfall is less than the RMSE, it indicates the model cannot represent well 
the observed data. It caused the error value higher  in central part of Kalimantan (Figure 12). In addition to these 
regions, RMSE values tend to be smaller, i.e. 0-10 mm/day on daily data and 0-150 mm/month on monthly data. 
This suggests that RegCM4 cannot properly simulate rainfall in the central part of Kalimantan.  
Not only is the RMSE (Figure 12), the value of RegCM4 standard deviation (Figure 13) is also high in the central 
part of Kalimantan. Variance or standard deviation shows the variability of the data. It is not visible the difference in 
the standard deviation of significant value when El Nino, La Nina, and Normal in both data. The standard deviation 
of the data APHRODITE (Figure 14a, 14b, and 14c) are in the range of 8-10 mm / day. While in the data RegCM4 
(Figure 15d, 15e, and 15f) are in the range 0-20 mm / day.  
RegCM4 value was over-estimated (Figure 4, 10, and 11), the error was high (Figure 12) and the data has high 
variations (Figure 13), which only occurs in the central part of Kalimantan, allegedly associated with the topography 
of the region of Kalimantan. Topographic map in Figure 14 shows the central part of Kalimantan is a mountainous 
region with an altitude of over 500 m. This shows RegCM4 not able to simulate well in the highlands. Fuentos-
Franco et al. [7] were also evaluated in the region of Mexico RegCM4 get results that RegCM4 has high bias and 
standard deviation for the mountains or highlands region. 
 
 
Fig. 12. Root Mean Square Error (RMSE) between RegCM4 with daily APHRODITE (top) and monthly (bottom) during the period of a), d) El 
Nino, b), e) Normal, and c), f) La Nina year 1982- 2000 
 
With the correlation method, the relationship of models with observations is also calculated (Figure 15). 
Correlation method of linear models is describing the relationship with observation data. Closer to one, the model is 
considered to represent good observations. Negative values indicate the opposite relationship, and a positive value 
indicates a direct relationship [22]. Thus, RegCM4 is considered to simulate the rainfall well, if it has a positive 
correlation and closer to one. In Figure 16, it can be seen that RegCM4 was not correlated with the observation data, 
because it has a smaller correlation values at daily resolution is -0.1-0.1. While at monthly resolution, RegCM4 have 
a fairly high correlation values up to 0.8, especially when El Nino. When Normal, correlations ranged between 0.3-
0.6. While the current La Nina, ranging from -0.1-0.6. In the calculation of correlation, it indicates that RegCM4 
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have a fairly high correlation when El Nino events. The ability to estimate RegCM4 closer to observation if the 
simulated values at low rainfall (when El Nino). Giorgi et al. [29] explains that the MIT-Emmanuel convection 
schemes tend to produce excessively high rainfall in the mainland, especially, in the land of high rainfall. When La 
Niña, rainfall in Kalimantan tend to raise, so the ability of RegCM4 estimation approach less observation data 
(correlation is smaller). 
 
 
Fig. 13. Standard Deviation RegCM4 (bottom), and APHRODITE (above) with temporal resolution daily during the period of a), d) El Nino, b), 
e) Normal and c), f) La Nina 
 
 
Fig. 14. Topographic map of Kalimantan 
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(a) 
 
(b) 
 
(c) 
 
 
(d) 
 
 
(e) 
 
 
(f) 
 
   
Fig. 15. Correlation coefficient between daily APHRODITE RegCM4 with (top) and monthly (bottom) during the period of a), d) El Nino, b), e) 
Lanina, and c), f) Normal year 2001-2009 
3.3. Cumulative Distribution Function (CDF) and Maximum Dry Spell Length (MDSL) 
Assessment using the Cumulative Distribution RegCM4 Function (CDF) was performed in all clusters in Borneo. 
Although it has previously been mentioned that the daily output resolution RegCM4 have small correlation, Figure 
16 shows that the distribution of data in accordance with the data RegCM4 observation of the gamma distribution 
with similar CDF graph APHRODITE, only different maximum values. Each cluster has a varied value range of 
daily rainfall. Based on Figure 16, the clusters 1, 2, and 5 are frequent rainfall ranges between 0-10 mm / day. While 
in clusters 3 and 4 ranged between 1-15 mm / day.  
Dry spell or a series of dry days is closely related to the drought. Droughts are considered threaten many sectors 
such as agriculture, forestry, management, water management, and many more. Some of studies focus of dry spell 
such as  the intensity, frequency, number, and length of dry spells. In this study, the focus of analysis was done for 
the maximum dry spell length in each year at Borneo.  
In the suspect value MDSL, RegCM4 has the same pattern with APHRODITE on the entire cluster, But RegCM4 
values tend to be larger than the APHRODITE. One of the characteristics of precipitation changes due to ENSO is 
that the longer dry spell during El Nino. Overall, Figure 17 proves that when El Nino years (1982-1983, 1986-1988, 
1991-1992, 1994-1995, and 1997-1998) MDSL had the larger and the smaller when La Nina years (from 1983 to 
1985, and 1988 -1989). In addition, the stronger the El Nino MDSL and also the larger value will have the longer the 
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sequence of dry days. An example of a strong El Nino El Nino was in 1982-1983 and 1997-1998. In that year, very 
high-MDSL value throughout Borneo.  
 
(a) 
 
(b) 
 
 
(c) 
 
(d) 
 
(e) 
  
 
Fig. 16. Cumulative Distribution Function (CDF) of data RegCM4 (blue) and APHRODITE (red) in a single cluster (a), two (b), three (c), four 
(d), and five (e) in 1982-2000 
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Fig. 17. Graphs of the average MDSL of APHRODITE (blue line) and RegCM4 (red line) on a cluster (a), two (b), three (c), four (d), and five (e) 
in 1982-2000 
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4. Conclusion 
Kalimantan has two different types of precipitation which are equatorial and monsoonal. Some patterns are found 
in the equatorial region of north Borneo (Cluster 1, 2, and 3), whereas other regions tend to have monsoonal rainfall 
type. Because of half a monsoonal-type region, the peak of the rainfall occurs in DJF period, and the period with the 
lowest rainfall is JJA especially the southern part of Borneo (Cluster 4 and 5). The results of the evaluation of the 
model showed that the model can well capture the periodicity affects rainfall in Borneo. Three dominant oscillations 
in Borneo such as Annual Oscillation, ENSO, and RegCM4 can also capture the influence of ENSO on rainfall in 
Borneo, as evidenced by the negative rainfall anomalies during El Nino, La Nina and a positive moment. The main 
disadvantage of the model RegCM4 these results that the output value of the model over-estimated, especially in the 
highlands or mountains. This is evidenced by the high RMSE values, and the standard deviation in the high plateau 
region. RegCM4 cannot well estimate the rainfall in plateau area (approximately 500-2000 m). In addition, RegCM4 
also better in simulating rainfall with monthly resolution as evidenced by the correlation coefficient to 0.8. No 
significant differences of RMSE values, standard deviations, and correlations during ENSO. RegCM4 could see the 
impacts of ENSO on the dry spell that MDSL high current El Nino and MDSL low current La Nina. 
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